Electronics projects. The well-known Slo controller has 
now acquired a sturdy younger brother in the fom of 
the ST7 processor. In this article, we take a closer look 
at the new member of the family. 


The ST family of microcontollers is used a lot in Elektor 


new ST/ controllers 


faster, more versatile and with more features 


Microcontrollers play a steadily increas- 
ing role ina large number of products. 
The major growth markets are the auto- 
motive industry and mobile communi- 
cations. Monitor manufacturers also 
build a microcontroller into practically 
every unit, frequently using an ST/ type. 
In all of these systems, there isa need 
fora large processing capacity and 
high reliability. In addition, low energy 
consumption isa factor in mobile com- 
munications. 

In order to better meet the changing 
demands of the market, ST Microelec- 
tronics has recently expanded the 
range of the ST7 family with versions 
that include new interfaces. The CAN 
bus, for example, makes these con- 
trollers a good choice for use in the 
automotive industry and other environ- 
ments that are subject to strong inter- 
ference. Support for the SCI interface, 
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by contrast, makes these controllers 
particulary well suited for use in some 
other market segments. A new, pro- 
grammable interrupt system introduces 
the possibility of flexible configuration 
of the pnonities of the various interupts. 
The controllers are available in six dif- 
ferent types of packages, including 
types with pins and SMD versions. 
Depending on the features included, 
the packages have 28, 32, 42, 44, 56 
or 64 connections. An extensive mix of 
internal memory configurations and 
hardware options is available. This 
allows the user to make an optimum 
choice for the cost/performance trade- 
off. All devices are available with van- 
ous options for the sizes of the data and 
program memory. A ROM version is also 
available for large production runs, 
and an OTP (one time programmable) 
version can be used for small produc- 


tion quantities. Some versions also have 
an intemal EEPROM. All in all, this results 
ina product palette of around 30 dif- 
ferent versions of the processor. 


The available I/O functions are as fol- 
lows: 


16-bit timer 

watchdog timer 

A/D converter 

D/A converter 

asynchronous senal interface 
SPI (serial penpheral interface) 
I2C 

USB 

CAN 


The family tree 


ST Microelectronics has divided the ST 
family into four main branches. 

The well-known ST6 is an energy-effi- 
cient 8-bit processor with 1.2 to 8kB of 
ROM and a limited number of I/O func- 
tions. Typical applications for this 
processor are simple control circuits. 
The new ST/ is also an 8-bit processor. 
It uses an industry-standard instruction 
set, has from 256 bytes to 3 kB of RAM, 
4 to 40 kB of ROM and numerous [I/O 
functions. Typical applications for this 
controller are to be found in the auto- 
motive industry, remote controls for tele- 
vision sets and (for example) RDS 
decoders. 

The powerful ST9 is an 8/16-bit proces- 
sor with an instruction time of 250 ns for 
a 16-bit word. It supports many 
addressing modes, includes DMA and 
hasan advanced intenupt system and 
many I/O functions. In addition, it has 
16 to 128 kB of ROM and at least 


—— PC TOPIC S 


256 bytes of RAM. The automotive 
industry isa large consumer of ST9 con- 
trollers. Internal 
The last branch of the ST family is the cea 2 
ST10. This 16-bit processor has an 
instruction time of 100 ns. Ithas 72 kB of 
flash memory and at least 10 kB of 
RAM, and a number of integrated |/O ALU 
functions. This processor Is an outstand- 
ing choice for demanding control 
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applications, such as energy manage- 
ment and airbag controllers. 


Controller design 


The ST7 processor complies with the Von 
Neumann architecture, which means 
that all system components (such as 
memory, timers and I/O) are located in 
a single memory space. 

The processor hasan 8-bit intemal data 
structure. It has six registers (A, X, Y, PC, 
SP and CC), including a 16-bit program 
counter (PC) and a 16-bit stack pointer 
(SP). The ST7 is considerably faster than 
its predecessor, the SI6. This is due to 
the fact that it works with a parallel 
internal bus, while the ST6 has a serial 
internal structure. The STZ processor 
uses 63 instructions with 17 different 
addressing options. The instruction set 
includes several powerful instructions, 
such as an unsigned 8 <> 8 multiplica- 
tion, bit manipulations, various bit/byte 
conversions and powerful branching 
options. The peripheral hardware is 
controlled via specialized interrupts 
and registers. Figure 1 shows the over- 
all organization of the processor. 

Since the address bus is 16 bits wide, 
the processorcan address up to 64 kB. 
This is more than adequate for the 
intended applications of the ST7. To 
make the code especially efficient, a 
special 256-byte block (0-OFF) is 
reserved as ‘page 0’. This means that 
the memory space is divided into two 
regions. The reserved portion can be 
accessed using an 8-bit address, while 
the remainder of the memory can only 
be accessed using the 16-bit address 
mode. All I/O ports are located in page 
0 in a reserved block between 000, 
and 0804. The memory structure is 
depicted in Figure 2. 

The processor works ata clock rate of 
16 MHz. Itcan be putinto a WAIT, SLOW 
or HALT state under software control. 
This allows its energy consumption to be 
drastically reduced. 


Register usage 


As already mentioned, the ST7 has six 
registers. 

The accumulator (A) is naturally the 
best-known register in the processor It 
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Figure 1. The ST7 is a powerful microcontroller which combines a lot of processing 
power with numerous I/O functions. Some of the I/O functions are not included in certain 


versions. 


is used for logical and arithmetic 
instruc tions. Instructions that consist of 
only two operands and also use two 
operators are only possible if one of 
the two operands is held in the accu- 
mulator. Instructions that employ only 
One operand, such as increment, 
decrement, complement, compare, 
test for negative or zero, bitcompare 
and so on, can either directly refer- 
ence a memory location or use the 
accumulator. 

The condition code register (CC) 


HW Registers 


256 Bytes RAM 


Reserved 


8K Bytes 
Program Memory 


4K Bytes 
Program 
Memory 


Interrupt & Reset Vectors 








holds flag bits that are more or less 
independent of each other. For exam- 
ple, if the result of an addition is zero, 
the Zflag will be active, but it will be 
reset for any other result. If the result of 
an operation is negative, the N flag will 
be activated, and it will similarly be 
reset for any other result. The CC regis- 
ter saves the flag bits aftereach instruc- 
tion has been executed. They can sub- 
sequently be used by a conditional 
jump instruction. The following flags are 
contained in the CC register: 


Short Addressing 
RAM (zero page) 


16-bit Addressing 
RAM 


64 Bytes Stack/ 
16-bit Addressing RAM 
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Figure 2. As expected, an 8-bit processor has 64 kB of address space. This diagram 


shows how the memory space is allocated. 
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Figure 3. The core of the microcontroller consists of the registers, memory, ALU and a 
number of other functions, all interconnected by several busses. This structure forms the 


heart of all ST7 processors. 


e C flag: represents the camy bit; 

e Zflag: active if the result is zero; 

e N flag: active is the result is negative; 
e | flag: used to enable all interrupts; 
e H flag: half-carry bit, used to pass 
the carry between two nibbles. 


The index registers (X and Y) are used 
for storing addresses duning instruction 
execution. They complement the accu- 
mulator, which is used to hold the data 
that will be processed by an instruction. 
The program counter (PC) is the regis- 
ter that controls the execution of a pro- 
gram. It contains the address of the 
next instruction to be executed. The 
content of this 16-bit register can be 
modified by instructions, such as con- 
ditional jumps. 

The stack pointer (SP) is the final regis- 
ter. Its function should be obvious. In 
plays an important role in the use of the 
stack memory. A memory block from 
0140, through 017F, is reserved for the 
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Figure 3 shows the core of the proces- 


sor, consisting of the registers, memory, 
ALU and a number of other functions, 
and illustrates how these elements are 
interconnected. 


Integrated I/O functions 


The following summary describes the 
numerous I/O functions that can be 
included in the processor. Depending 
on the selected processor version, 
certain of these functions may not be 
present. 


Parallel I/O. The bidirectional I/O lines 


are grouped in sets of eight, as usual. 


The number of available I/O lines 


depends on the package type. The I/O 
lines may be used by a number of I/O 


functions in common (altemative appli- 


cations), or by an I/O function defined 
in software. Data can be read in and 





output via these connections. The Data 
Direction and Option registers can be 
used to customize the characteristics of 
each I/O pin. 


16-bit timer. The 16-bit timer can be 
used fora large vanety of timing func- 
tions. It consists of a free-running 16-bit 
counter and a prescaler Each timer 
has two inputs for count pulses and two 
outputs. Pulses can thus be measured 
or generated using the timer. Timer 
overflows and other events associated 
with the timer are logged in the status 
register, and can be optionally used to 
tigger an interrupt. 


Watchdog timer. The built-in watchdog 
timer contains a 7-bit reloadable regis- 
ter that initializes a processor resetas 
soon asa previously-defined value is 
reached. During nomal operation, the 
software must reload the register within 
a certain interval, to prevent the reset 
condition from occurring. If the pro- 
gram hangs, the counter will no longer 
be reloaded and the system will reset 
itself. A software reset is no mally suffi- 
cient to free the software and let the 
system start again with what it was 
designed to do. The ‘software watch- 
dog’ is activated by software, while the 
hardware watchdog is permanently 
activated by the hardware. 


A/D converter. The builtin A/D con- 
verter has eight analogue inputs. It 
converts analogue values to 8-bit digi- 
tal values by successive approximation. 
The analogue voltage to be digitized 
must not be higher than the processor's 
supply voltage, since this is used as the 
reference voltage. 


D/A converter. The built-in D/A con- 
verter generates a 10-bit pulse-width 
modulated signal whose duty cycle is 
determined by software. This signal can 
be converted to a control voltage by 
an external RC filter, and the resulting 
voltage can be used to replace a 
potentiometer or an analogue control 
voltage. Some versions of the ST7 have 
a 12-bit converter. 


Asynchronous senal communication. 
The Senal Communication Interface 
(SCI) provides the user with a flexible 
full-duplex senal connection. Data can 
be exchanged via this interface 
according to the standard senal data 
format. 

Thanks to the built-in double baud rate 
generator, a wide range of baud rates 
is available. The transmitter and 
receiver work independently and can 
be set to different rates. 
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Serial Peripheral Interface (SPI). This 
synchronous seral interface is ideal for 
interconnecting master and slave 
devices. Systems with single as well as 
multiple masters can be constructed. 
This interface can be used for commu- 
nication with I/O chips as well as with 
other processors. Advanced registers 
and interrupts allow transactions to be 
dealt with under software control, and 
also support user-defined protocols. 


USB interface. The USB interface allows 
PCs and penpheral equipment, such as 
monitors, keyboards, multimedia 
devices and scanners, to be intercon- 
nected via a standardized interface. 
An important advantage of this inter- 
face Is that it is ‘hot pluggable’, which 
means that penpheral devicescan be 
connected or disconnected without 
having to switch off the power or reset 
the system. The USB interface imple- 
mented in the ST7 is suitable for the low- 
speed version of the USB. Data transfers 
take place via DMA. The USB function 
has its own integrated 3.3 V supply and 
a transceiver. The processor supports 
the Suspend and Resume commands. 


I2C interface. The 12C bus allows serial 
data communication between com- 
ponents to take place using only a 
data line and a clock line. The 12C 


interface of the ST7 supports both mul- 
timaster and slave modes, and itcan 
handle speeds (signal rates) up to 
400 Hz. Standard events such as ‘bus 
busy’ and ‘slave address’, as well as 
error conditions, are automatically 
detected and stored in an associated 
register An interrupt can optionally be 
tiggered asa result of such events. The 
interface supports 7-bit and 10-bit 
addressing. 


CAN bus interface. The CAN (Controller 
Area Network) protocol allows the user 
to take advantage of developments in 
Europe and other regions, in which this 
bus is being used more and more in 
Cars and industrial settings. The CAN 
bus is an excellent choice for environ- 
ments that are subject to strong inter- 
ference signals. 

The CAN interface that is integrated in 
the processor supports the ‘2.0 active’ 
and ‘2.0B passive’ CAN standards. It 
contains three 10-bit tra nsmit/rec eive 
buffers and two 12-bit message accep- 
tance filters. The baud rate is program- 
mable, with a maximum value of 
1 Mbit/s. 


Getting started is easy 


There are several development systems 
available for creating applications for 
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the ST7 processors. They range from 
simple starter kits, consisting of a proto- 
typing board with documentation and 
simple development software, to a very 
powerful C compiler with debugging 
tools. Existing development environ- 
ments, such as the Actum Realizer (a 
package that allows software to be 
developed by describing its structure 
graphically), have also been adapted 
to support the ST7 processor. For begin- 
ners, the ST7 Development Kit from ST 
Microelectronics is recommended. This 
package contains all relevant informa- 
tion, with most of the documentation 
located on a CD-ROM along with the 
software. The accompanying hardware 
makes it easy to develop relatively sim- 
ple applications. 


Conclusion 


If this article has aroused your cunosity, 
it is recommended that you visit the web 
site htto://www.st.com. STMicroelectron- 
ics has puta lot of information about the 
ST processors and associated develop- 
ment systems at this address. Application 
notes, data sheets and other interesting 
information can be downloaded free of 
charge from this site. 

(992029-1) 


Figure 4. The ST7 Development Kit from ST Microelectronics is a good starting point for getting acquainted with these processors. 
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